INTRODUCTION
============

Asthma is one of the most common allergy-related chronic respiratory illnesses found in children. Although much has been discovered in terms of the condition's pathological physiology, its prevalence has been on a steady rise over the last 20 years \[[@b1-eht-32-e2017005]\]. Also, the number of patients with severe asthma as well as the number of patients who experience acute exacerbation such as status asthmaticus, are also on the increase. Continuous much efforts have been invested to unveil the root cause of asthma, and the cause behind its exacerbation. It has been generally understood that both genetic and environmental factors contribute to the condition \[[@b1-eht-32-e2017005]\]. Most recently, active research is in progress, which focuses on the potential effects of vitamin D deficiency in serum, aside from the well-known environmental risk factors such as dust mites, mold, animal allergens, and environmental tobaco smoke. Vitamin D deficiency in serum has been linked with increasing prevalence rate of asthma, as well as atopic dermatitis and allergic rhinitis \[[@b2-eht-32-e2017005]-[@b4-eht-32-e2017005]\]. According to relevant research findings, vitamin D deficiency in serum has increased among city dwellers, whose exposure to sunlight has decreased over the years of westernized lifestyle. These findings also indicate that asthma tends to be more prevalent in nations with high latitudes \[[@b3-eht-32-e2017005]\]. Vitamin D deficiency in serum was thought to be eradicated with the fortification of foods and the appearance of rickets. Despite food fortification, multiple studies have shown that vitamin D deficiency in serum is highly prevalent even in sun-related areas of the world and that vitamin D supplementation and fortification of foods in current doses are inadequate to prevent deficiency \[[@b5-eht-32-e2017005],[@b6-eht-32-e2017005]\]. Against this background, it appears that an examination of the potential link between vitamin D deficiency in serum and asthma symptoms would be useful from the standpoint of prevention and identifying its root causes.

Besides contributing to bone growth and maintenance, vitamin D is known to play a critical role in the prevention and treatment of osteoporosis as it is an essential hormone required to maintain phosphoric acid and calcium's homeostasis \[[@b7-eht-32-e2017005]\]. However, recent epidemiological studies have reported that vitamin D deficiency in serum may be linked to increased risk of autoimmune disorders and allergy related diseases \[[@b7-eht-32-e2017005]\]. Vitamin D in serum may move into macrophages, dendritic cells, and other immune cells, and binds to intracellular vitamin D receptors and is involved in innate and acquired immunity \[[@b8-eht-32-e2017005]\]. In addition, vitamin D could act directly on antigen presenting cell function and T-cell activation process, regulating the acquired immune response \[[@b9-eht-32-e2017005]\]. The lack of serum vitamin D, which is involved in the immune function, would lead to immune function disorder \[[@b10-eht-32-e2017005]\]. As mentioned above, asthma, is a most common chronic diseases attributed to immune disorder by complex interactions among multiple genetic and environmental factors \[[@b4-eht-32-e2017005]\]. Therefore, the complex role of serum vitamin D level in immune system is regarded all the more important.

Numerous epidemiological studies concerning the root causes of pediatric asthma are reporting the association between vitamin D deficiency and increased rate of asthma. For instance, according to a study by Bener et al. \[[@b11-eht-32-e2017005]\] involving children in Qatar, the level of serum vitamin D in the asthmatic children was significantly lower than that of the healthy control, and a higher rate of vitamin D deficiency was found in the asthmatic children. Another study involving African Americans reported a significant correlation between vitamin D deficiency and asthma. A study concerning asthmatic children in North America also reported that vitamin D deficiency was associated with an increased rate of emergency room visit attribute to asthma symptoms \[[@b12-eht-32-e2017005],[@b13-eht-32-e2017005]\]. Similarly, a study involving asthmatic children in Costa Rica found that low level of vitamin D was associated with an increased level of immunoglobulin E, increased number of eosinocyte, increased hospitalization, increased use of anti-inflammatory medication, and increased bronchial sensitivity \[[@b14-eht-32-e2017005]\].

As reviewed so far, vitamin D deficiency contributes to asthma in children and its exacerbation. Unfortunately, Korean research on this front is sorely lacking, and related studies mostly concern atopic dermatitis \[[@b2-eht-32-e2017005]\]. As such, the current study set out to examine the effects of vitamin D deficiency on pediatric asthma in Korea. Furthermore, we aimed to investigate the potential link between pediatric asthma, serum vitamin D, and environmental factors such as exposure to sunlight.

METHODS
=======

Study Population
----------------

This study was conducted on 80 children aged 6 -14 years recruited from the Allergy Clinic of Korea University Anam Hospital during July to October 2013. Asthmatic children (n = 50) were assessed pulmonary-function test, and were determined the diagnosis and severity of asthma, according to the American Thoracic Society criteria. Control subjects (n = 30) are a random sample of non-atopic children without any acute or chronic asthma, atopic dermatitis, and allergic rhinitis selected from children who visited a pediatric center. Taking into account the seasonal factors pertaining to vitamin D exposure, the survey was conducted on the children who visited the hospital between June and October. This study was approved by the institutional review board (IRB) at Korea University Anam Hospital (IRB no. ED12221). Children and their parents provided informed written consent.

Questionnaires
--------------

Factors which can influence pulmonary function, such as sex, exposure to smoking, medication, as well as factors which can influence serum vitamin D synthesis, such as duration of daylight, and length of time spent outdoors were surveyed through the questionnaires.

Serum 25-hydroxyvitamin D Levels
--------------------------------

Blood samples (3 mL of each child) were collected, and serum was separated and stored at -70°C until analysis. Serum 25-hydroxyvitamin D (hereinafter referred to as "serum vitamin D") were measured using a commercially available kit (IDS Ltd., Boldon, UK). In descriptive analyses, we categorized serum vitamin D levels as deficient ( \< 20 ng/mL), insufficient (20-30 ng/mL), and sufficient (≥30 ng/mL) based on previous recommendations \[[@b15-eht-32-e2017005]\].

Pulmonary-function Test
-----------------------

Forced expiratory volume in one second (FEV~1~) and forced vital capacity (FVC) were measured using a microspirometer (Microspiro-106 HI 298, Chest, Corporation Tokyo, Japan), in accordance with the recommendations of the American Thoracic Society. FEV~1~ and FVC were measured three times for each child and the highest value among the three values was recorded. The values were compared with the reference standard based on predicted values for Korean children. Also, classifications of asthma severity were determined with respect to categorized measures of FEV~1~ % predicted ( \> 60% for severe, 60-80% for moderate, \> 80% for mild) \[[@b16-eht-32-e2017005]\].

Statistical Analyses
--------------------

Serum vitamin D levels were shown to have normal distributions as determined by the Shapiro-Wilk tests. Median value was calculated to describe the center of the data. Data on serum vitamin D levels between asthmatic and control groups were statistically analyzed using the Student's *t*-test. Logistic regression analysis was used to assess the relationship between serum vitamin D levels and pulmonary functions including FEV~1~, FVC, and FEV~1~/FVC. Also, multiple regression analysis was performed to evaluate the correlation with serum vitamin D levels and outdoor activity. All data were expressed as mean ± standard deviation. All data were analyzed using the SAS version 9.1 (SAS Institute Inc., Cary, NC, USA), and a significance level of 5% was applied unless otherwise indicated.

RESULTS
=======

Characteristics of Study Subjects
---------------------------------

A total of 80 children participated in the current study, whose ages ranged from 6 to 14 years old. The average age of the healthy group was 9.06 years old, and the corresponding value of the patient group was 11.50 years old. The percentage of boys was greater than that of girls in both groups (60% for control and 64% for the patient group, respectively) ([Table 1](#t1-eht-32-e2017005){ref-type="table"}). The average body mass index of the control group and patient group were 16.2 and 18.3, respectively. The mean FEV~1~ (%) and the FEV~1~/FVC (%) of the patient group were lower than those of control group, respectively, but no statistical difference was observed (*p*= 0.54; *p*= 0.16).

Comparison of Serum Vitamin D Levels
------------------------------------

The average serum vitamin D level was 16.3 ± 4.20 ng/mL in the patient group, and 24.2 ± 6.76 ng/mL in the control group ([Figure 1](#f1-eht-32-e2017005){ref-type="fig"}). The serum vitamin D level of the control group was significantly higher than that of the patient group (*p*\< 0.05).

Comparison of Asthma Prevalence by Serum Vitamin D Level
--------------------------------------------------------

Results of the serum vitamin D level comparison between the patient group and the control group using 20 ng/mL as the standard found that 86% of the children a with sub-standard vitamin D level in serum suffered asthma (*p*\< 0.001). The odds ratio according to the serum vitamin D level was analyzed at 0.79 (95% confidence interval, 0.71 to 0.88; *p*\< 0.001). The medians of serum vitamin D levels in each group were 18.4 ng/mL for mild group, 16.2 ng/mL for moderate group, and 15.2 ng/mL for severe group, respectively. In addition, that severe asthma patient group's median value of serum vitamin D (15.2 ng/mL) was lower than that of the mild/moderate asthma patient group (17.9 ng/mL) (the numbers of patients in each group were 5 for mild group, 18 for moderate group, and 27 for sever group, respectively). However, the difference was not statistically significant (*p*= 0.17) ([Figure 2](#f2-eht-32-e2017005){ref-type="fig"}).

Correlation Between Serum Vitamin D Level and Time Spent in Outdoor
-------------------------------------------------------------------

Lifestyle habits and residential environment factors pertaining to exposure to sunlight, such as housing type, floor of residence, time spent indoors/outdoors were surveyed ([Table 2](#t2-eht-32-e2017005){ref-type="table"}). Results of the serum vitamin D level analysis conducted with 1 hr/d spent in outdoor as a baseline, found that the average serum vitamin D level of children who spent less than an hour a day outdoors was lower (17.9 ± 5.5 ng/mL) than that of their counterparts who spent an hour or more a day outdoors (21.4 ± 7.1 ng/ mL). Especially, the differences in serum vitamin D levels between the children who spent less than 30 minutes a day outdoors and those who spent more than an hour a day in outdoor was statistically significant (*p*\< 0.05) ([Figure 3](#f3-eht-32-e2017005){ref-type="fig"}). However, no statistically significant associations were found in terms of housing type, floor of residence, and the length of time spent indoors.

DISCUSSION
==========

In this study, we observed that the serum vitamin D level in asthmatic children was significantly lower than that in nonatopic children. These results are very consistent with those of numerous existing epidemiological researches which examined the association between serum vitamin D level and the risk of developing asthma \[[@b17-eht-32-e2017005]\]. For example, Alyasin et al. \[[@b18-eht-32-e2017005]\] reported that the serum vitamin D level in the healthy controls was significantly higher than that of the asthmatic children, indicating that serum vitamin D level and asthmatic state were correlated. Another study showed that children with asthma had a significantly lower level of serum vitamin D than non-atopic children, and that a majority of asthmatic patients (68.1%) exhibited vitamin D deficiency in serum \[[@b11-eht-32-e2017005]\]. The current study also found that 86% of the asthmatic children, as well as 28% of the non-atopic children had a level below the standard (20 ng/mL). Similarly, Freishtat et al. \[[@b12-eht-32-e2017005]\] found that 86% of the asthmatic children showed vitamin D deficiency in serum. whereas only 19% of the non-atopic children exhibited deficiency. A study by Litonjua and Weiss \[[@b19-eht-32-e2017005]\] also confirmed that children with vitamin D deficiency in serum. were at a greater risk of severe asthma attack. Ginde et al. \[[@b20-eht-32-e2017005]\] reported that a low level of serum vitamin D was associated with a higher frequency of respiratory tract infection and a more severe asthma. It is widely known that vitamin D plays a key role in host immune function which guards against infection. Vitamin D's immune regulatory function occurs in various cells including macrophagocytes and dendritic cells \[[@b21-eht-32-e2017005]\]. In terms of congenital immunity, vitamin D promotes the synthesis of antimicrobial peptide. It is also known that vitamin D influences the function of antigen presenting cells by modulating T-cell activation \[[@b22-eht-32-e2017005]\]. In fact, vitamin D is known to suppress Th1 cytokine, such as CD4+ T-cells, interleukin (IL)- 2, granulocyte macrophage colony stimulating factor, and interferon-gamma \[[@b23-eht-32-e2017005],[@b24-eht-32-e2017005]\]. Additionally, vitamin D is known to suppress dendritic cells' Ox40L which concerns Th2 immune reaction, thereby promoting proliferation of transforming growth factor-β regulatory T-cells \[[@b25-eht-32-e2017005]\]. The results of various observational studies indicate that vitamin D's immune regulatory function is linked to asthma and its severity. Considering our findings and results from many studies supporting the link between insufficient serum vitamin D level and pediatric asthma, it has been suggested that lower level of serum vitamin D is also associated with the increased asthma prevalence in Korea. Moreover, this study is first to explore the relationship of serum vitamin D level with childhood asthma in Korea, to our knowledge.

Much has been discovered in terms of the link between pulmonary diseases such as asthma and tuberculosis and serum vitamin D. However, its association with pulmonary function has not been clarified \[[@b20-eht-32-e2017005],[@b26-eht-32-e2017005]-[@b28-eht-32-e2017005]\]. The current study was not able to find a meaningful association between the serum vitamin D level in asthmatic children and pulmonary function (FEV~1~, FVC, FEV~1~/FVC). Similarly, there has been a study which found a low level of serum vitamin D in asthmatic children, but failed to find a correlation with pulmonary function \[[@b13-eht-32-e2017005],[@b14-eht-32-e2017005],[@b29-eht-32-e2017005]\]. A recent study involving Costa Rican children between the ages of 6 and 14 found that vitamin D deficiency in serum. was not correlated with FEV~1~ or FEV~1~/FVC. In an adult study by Shaheen et al. \[[@b28-eht-32-e2017005]\], no significant correlation was also found between serum vitamin D and pulmonary function. In contrast, Black and Scragg \[[@b26-eht-32-e2017005]\] and Choi et al. \[[@b27-eht-32-e2017005]\] reported that a low level of serum vitamin D was associated with low FEV~1~ and FVC. As seen so far, research results on the association between serum vitamin D and pulmonary function are inconclusive. Rather, the finding appears to suggest that a low level of serum vitamin D does not affect the structural characteristics of the lungs in the process, while it exacerbate existing asthma symptoms \[[@b13-eht-32-e2017005]\]. In addition, the residential area of participants in other studies may recently be suggested one of factors affecting the association between serum vitamin D and pulmonary function. For instance, the associations of serum vitamin D level with pulmonary function were observed in most studies including subjects who live in many different locations, but a contrasting result was reported in the study which recruited the participants within the same residential area \[[@b9-eht-32-e2017005]\]. All subjects in this study were also recruited in one particular area (Seoul, Korea), which may affect the analysis of these association, but further research could be necessary.

Upon an analysis of the serum vitamin D levels of asthmatic children (16.3 ng/mL) and non-atopic children (24.2 ng/mL), it was observed that both groups of children had vitamin D deficiency in serum and insufficiency, respectively. Compared with the average serum vitamin D levels reported by the National Health and Nutrition Examination Survey of the US (22.08 ng/ mL) \[[@b30-eht-32-e2017005]\], and the Canadian Health Measures Survey (27.08 ng/mL) \[[@b31-eht-32-e2017005]\], the Korean average was lower, measuring at a mere 20.55 ng/mL. Furthermore, Hilger et al. \[[@b32-eht-32-e2017005]\] reported that children and teenagers exhibit a significantly lower level of serum vitamin D adults in many Asian-Pacific countries. According to a vitamin D status study conducted across all age groups in Korea, serum vitamin D level of individuals between the ages of 10-19 was less than 20 ng/mL. The level starts to increase in individuals over the age of 30 years, with the highest level observed in those in the 60-69 years age bracket \[[@b33-eht-32-e2017005]\]. This is attributable to the changes in lifestyle typically observed in many Korean school-aged children, whose time spent outdoors drastically decreases as they enter school and start focusing on academics \[[@b2-eht-32-e2017005]\].

Serum vitamin D level is influenced by the amount of melanine, age, body fat, latitude, season, the length of time spent outdoors, and use of sunscreen since serum vitamin D is synthesized through the skin's exposure to ultraviolet ray \[[@b34-eht-32-e2017005]\]. For this reason, the current study examined housing type, floor of residence, time spent indoors/outdoors, etc. in an effort to identify the influence of sunlight on pediatric asthma. However, there was no significant association of serum vitamin D level with other environmental factors, except for exposure to sunlight. Our findings showed that greater exposure to sunlight could contribute to increase the serum vitamin D. Recent studies have also found that children with asthma not only have less exposure to sunlight, but they are also less physically active. Upon examination of all the above factors, it was found that the amount of time spent outdoors had an effect on serum vitamin D level. Also, reverse causality may be expected. Namely, asthmatics may tend to stay in indoor since they could avoid environmental factors (i.e., Asian dust, particular matters, pollen) in outdoor. For this reason, they may have low level of serum vitamin D relatively.

Our findings indicate that the serum vitamin D level in children with asthma was lower than that of non-atopic children, and that insufficient level of serum vitamin D increased the risk of developing asthma in children. In addition, increased exposure to sunlight related to the serum vitamin D level could contribute to lower asthma prevalence. We believe that small sample size of control group relatively is still a limitation of the present study, but it is almost first study for exploring the association of serum vitamin D levels with asthmatic children in Korea, to our knowledge. Information of usage for vitamin D supplements have not been collected in this study. Vitamin D supplements could be associated with the level of serum vitamin D. Rather, we may not assume that children with asthma have not taken the vitamin D supplements relatively, and so the serum vitamin D level was lower than that of control group. Similarly, revere assumption may be expected as well. Thus, more cautious consideration is necessary. More comprehensive research for exploring the causal relationship with serum vitamin D level with asthma would still be necessary. Management of serum vitamin D level in asthmatic children in Korea would also be a promising approach for preventing exaggeration of their severity.
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###### 

Characteristics of subjects

                        Control      Asthmatics   *p*-value   
  --------------------- ------------ ------------ ----------- --
  Total (male/female)   30 (18/12)   50 (32/18)               
  Age (yr)              9.06±3.05    11.50±3.14   0.16        
  BMI (kg/m^2^)         16.2±2.7     18.3±3.1     0.11        
  FEV~1~ (%)            91.9±3.5     87.7±6.4     0.54        
  FEV~1~/FVC (%)        90.1±5.7     84.8±4.2     0.16        

Values are presented as mean±standard deviation.

BMI, body mass index; FEV~1~, forced expiratory volume in one second; FVC, forced vital capacity.

###### 

Personal variables potentially affecting exposure to sunlight and serum vitamin D level

  Variable                                              β        95% CI          *p*-value   
  ----------------------------------------------------- -------- --------------- ----------- --
  Age                                                   0.006    -0.42, 0.43     0.98        
  Sex (0: male, 1: female)                              1.179    -1.81,4.17      0.43        
  Group (0: control, 1: case of asthma)                 -8.299   -11.28, -5.32   \<0.001     
  Housing type (0: detached, 1: apartment, 2: others)   -0.196   -3.45, 3.05     0.90        
  Living floor                                          0.161    -0.09, 0.41     0.20        
  Sunblock (0: use, 1: not use)                         -0.774   -4.04, 2.50     0.64        

CI, confidence interval.
